Patients who undergo emergent coronary artery bypass grafting pose a greater challenge in terms of intraoperative and postoperative mortality and morbidity compared to elective coronary artery bypass. Coronary artery bypass without cardiopulmonary bypass (off-pump coronary artery bypass) might benefit these high-risk patients by eliminating the cardiopulmonary bypass and therefore decreasing the systemic inflammatory response associated with it. The aim of this study was to compare the early clinical outcome after nonelective off-pump coronary artery bypass with a matched set of patients undergoing coronary artery bypass with cardiopulmonary bypass (on pump).
I
ndications for CABG are now well defined, with an apparent shift to more advanced coronary disease and extensive comorbidity. 1 Several studies have reported that in spite of an increasingly high-risk population, CABG continues to show favorable short-and long-term outcomes. 2 Nevertheless, it is well recognized that despite the improvement in surgical techniques, postoperative care, and anesthesia and a better understanding of the physiology of high-risk patients, CABG with cardiopulmonary bypass (on-pump CABG) is associated with substantial morbidity, which is ascribed to the adverse effects of extracorporeal circulation. 3, 4 CABG without cardiopulmonary bypass (off-pump CABG) has been explored as an emerging technique for coronary revascularization by circumventing the adverse effects of cardiopulmonary bypass. [5] [6] [7] Over the past 5 years, the number of procedures performed with off-pump CABG has increased significantly. Previous studies showed a decrease in risk-adjusted complication rates and in 30-day mortality rates when comparing off-pump CABG with the conventional on-pump CABG procedure. [5] [6] [7] [8] However, there are few reports and comparative studies on outcomes with off-pump CABG in urgent and emergent cases versus the conventional approach with cardiopulmonary bypass. 9, 10 Patients who undergo emergent or urgent CABG pose a greater challenge in terms of intraoperative and postoperative mortality and morbidity. Off-pump CABG might benefit these high-risk patients by eliminating the cardiopulmonary bypass and therefore decreasing the systemic inflammatory response associated with it. Preliminary reports have revealed improved outcomes associated with nonelective off-pump CABG in terms of mortality and morbidity 9 ,10 compared with conventional on-pump CABG. These reports, however, are limited by small sample size, inappropriate statistical methodology, or both.
The aim of this study was to compare the early clinical outcome after nonelective off-pump CABG with that in a matched set of patients undergoing on-pump CABG.
Patients and Methods

Patients
The computerized database of the Section of Cardiac Surgery of the Washington Hospital Center, Washington, DC, and Cardiovascular Research Science and Technology Institute at Dallas, Texas, was queried to identify all patients who underwent nonelective CABG between January 2000 and October 2003 (n ϭ 6260). Patients who underwent minimally invasive direct coronary artery bypass (through an anterorolateral or posterolateral thoracotomy or through a xiphoid approach) and patients with more than 6 grafts were excluded from this study. The patients excluded from the study (n ϭ 500) because of the above exclusion criteria or because of missing essential data were evenly distributed between the 2 groups. Twelve surgeons were contributing cases for the period of study from both institutions. During the period of study, 22.8% of patients had urgent CABG, 4.66% of patients had emergent CABG, 0.34% had salvage CABG, and 72% of patients had elective CABG. Baseline demographics, procedural data, and perioperative outcomes were recorded and entered into a prespecified database by a dedicated data-coordinating center. In general, patients undergoing urgent CABG were considered those who have not been scheduled for routine admission from the waiting list but who require surgical intervention on the same admission for medical reasons. Patients cannot be discharged home without an operation. Patients undergoing emergent CABG are those with ongoing cardiac compromise in whom there should not be a delay of surgical intervention. Data were analyzed according to the Society of Thoracic Surgeons National Cardiac Surgery Database guidelines and definitions (http://www.ctsnet.org/file/rptDataSpecifications252_1_ ForVendorsPGS.pdf). The classification of each case was performed by the operating surgeon on the basis of the Society of Thoracic Surgeons' definitions.
Sample Size Calculation
The mortality rates were based on the literature, with rates among the on-pump CABG group being 3.12% and those among the off-pump CABG group being 1.82%. The publication that the rates are based on is by Magee and colleagues. 6 Univariate comparison of complications and mortality for the combined institutions for on-pump CABG versus off-pump CABG shows a significantly higher mortality in the on-pump CABG group (3.12% vs 1.82%, P ϭ .002). 6 From the calculations above, it is evident that a total of 5740 patients (2870 patients per group) are needed to obtain a study power of 0.8 (80%) with an ␣ value of.017.
The stroke rates were based on the literature, with rates among the on-pump CABG group being 0.024 (2.4%) and those among the study group being 0.007 (0.7%). The publication that the rates are based on is by Karthik and associates. 11 Compared with on-pump CABG, off-pump CABG was associated with lower rates of stroke (0.7% vs 2.4%, P Ͻ .047). On the basis of these rates, a total of 2200 patients (1100 patients per group) are needed to obtain a study power of 0.8 (80%) with an ␣ value of .017.
Data Analysis
Univariate comparisons of preoperative risk factors were performed for patients undergoing nonelective operations between the on-pump and off-pump CABG groups. The preoperative risk factors to be compared were age, sex, number of grafts, diabetes, hypertension, congestive heart failure, hemodialysis, recent myocardial infarction, cerebrovascular accident, renal failure, chronic obstructive pulmonary disease, ejection fraction, reoperative CABG, the Parsonnet Bedside Risk Score, and the Northern New England Stroke Risk Score. Dichotomous variables were compared by using a 2 test of general association. Comparisons between continuous variables were performed by using the Student t test for normally distributed data or the Wilcoxon rank sum test for nonparametric data. Ordinal data were compared by using the Cochran-Armitage trend test.
Separate logistic regression models were used to determine independent predictors of 30-day (operative) mortality, stroke, intra-aortic balloon pump (IABP) placement, postoperative renal failure, and hemorrhage-related re-exploration. The logistic model
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consisted of all preoperative risk factors that were deemed significant (P Ͻ .15) from the univariate analysis comparing on-pump versus off-pump CABG, risk factors associated with nonelective CABG from the literature, and risk factors from the literature associated with the specific outcome (operative mortality or stroke). Model fit analysis was evaluated by using the HosmerLemeshow goodness-of-fit statistical and residual analysis. The c-statistic is reported as a measure of predictive power. The presence of linear dependencies or correlation among the independent variables was checked by using diagnostics from ordinary logistic regression. Analysis of covariance was used to compare the means of postoperative length of stay between the 2 groups while adjusting for some risk factors. All the preoperative risk factors that were deemed significant (P Ͻ .15) from the univariate analysis of on-pump versus off-pump CABG, risk factors associated with urgent-emergent CABG from the literature, and risk factors from the literature associated with postoperative length of stay were adjusted for in the analysis of covariance model. Propensity scores were then computed for all patients and used to match patients from the off-pump and on-pump CABG groups, as previously described. 12 By matching on the basis of propensity score, a measure of the probability of being selected for either off-pump or on-pump CABG, each group will have nearly equal proportions of the preoperative variables. 12, 13 Matching also controls for confounding variables. The general estimating method was then used in a logistic regression to test the difference in the rate of transfusion and hemorrhage-related re-exploration between the off-pump and on-pump CABG groups in the propensity scorematched subpopulation.
Results
Unmatched Sample
Preoperative characteristics. Of the patients who underwent nonelective CABG at the Washington Hospital Center, 55.1% of operations were performed off pump, whereas of those who underwent CABG at the Cardiovascular Research Science and Technology Institute, 38.6% of operations were performed off pump. Patient preoperative characteristics are presented in Table 1 . Patients who had off-pump CABG were more likely to be female and elderly and more likely to have chronic renal insufficiency and an ejection fraction of less than 35%. Patients who underwent on-pump CABG were more likely to have higher body mass index (BMI), diabetes, left main stenosis, recent myocardial infarction, preoperative IABP placement, and multivessel coronary artery disease.
Postoperative characteristics. Postoperative characteristics are presented in Table 2 . In univariate analysis patients who underwent off-pump CABG had a lower incidence of postoperative acute renal failure (P Ͻ .01), new-onset atrial fibrillation (P Ͻ .01), postoperative IABP placement, hemorrhage-related re-exploration (P Ͻ .01), and postoperative length of stay. Operative mortality, stroke, and acute myocardial infarction were comparable between the 2 groups.
Multivariate Analysis. OPERATIVE MORTALITY. Independent predictors of operative mortality identified from the multiple logistic regression model on the unmatched sample included age (odds ratio [OR], 1.05; 95% confidence interval [CI], 1.03-1.06; P Ͻ .01), female sex (OR, 1.9; 95% CI, 1.42-2.50; P Ͻ .01), chronic renal insufficiency (OR, 2.0; 95% CI, 1.27-3.29; P Ͻ .01), left main stenosis (OR, 1.5; 95% CI, 1.12-2.01; P Ͻ .01), history of acute myocardial infarction (OR, 1.7; 95% CI, 1.22-2.26; P Ͻ .01), preoperative IABP placement (OR, 1.8; 95% CI, 1.21-2.56; P Ͻ .01), ejection fraction of less than 35% (OR, 2.3; 95% CI, 1.68-3.13; P Ͻ .01), and reoperative CABG (OR, 2.8; 95% CI, 1.86-4.18; P Ͻ .01). Off-pump CABG did not emerge as an independent predictor of operative mortality (OR, 0.9; 95% CI, 0.64-1.14; P ϭ .27) or stroke (OR, 0.8; 95% CI, 0.49-1.20; P ϭ .25). LENGTH HEMORRHAGE-RELATED RE-EXPLORATION. Independent predictors of hemorrhage-related re-exploration included BMI (OR, 0.96; 95% CI, 0.93-0.99; P Ͻ .01). Off-pump CABG was associated with a lower rate of hemorrhage-related re-exploration (OR, 0.7; 95% CI, 0.53-0.97; P ϭ .03).
Matched Sample
The matched sample included 4026 patients (2013 in each group). There was no evidence of either multicollinearity or lack of fit in the logistic regression models predicting choice of surgical approach from preoperative risk factors. Propensity scores were computed for each patient by using a logistic regression model and matched on age, sex, hospital, hypertension, number of grafts, ejection fraction, reoperative CABG, diabetes, BMI, chronic renal failure, left main stenosis, history of acute myocardial infarction, urgent versus emergent case priority, history of cerebrovascular accident, preoperative IABP placement, preoperative hemodialysis, history of peripheral vascular disease, and carotid artery stenosis.
Operative mortality. Matches on the basis of propensity score were found for 73% of the patients undergoing offpump CABG. These patients had comparable operative mortality (OR, 0.8; 95% CI, 0.57-1.15; P ϭ .24) with the on-pump CABG group after controlling for preoperative risk factors through matching.
Stroke. Matches on the basis of propensity score were found for 68% of the patients undergoing off-pump CABG. Similarly, these patients had comparable risk of stroke (OR, 0.6; 95% CI, 0.33-1.08; P ϭ .09) with patients undergoing on-pump CABG after controlling for preoperative risk factors through propensity score matching.
Length of stay. Thirty-nine patients had to be excluded because of missing data on length of stay. Seventy-two percent of the off-pump cases were matched. Off-pump CABG was associated with an abbreviated length of stay compared with on-pump CABG after matching by propensity score (OR, 0.5; 95% CI, 0.47-0.64; P Ͻ .01).
IABP Placement. Seventy-three percent of patients were matched. Off-pump CABG was associated with a lower rate of IABP placement compared with that seen in on-pump CABG after matching by propensity score (OR, 0.5; 95% CI, 0.3-0.71; P Ͻ .01).
Postoperative renal failure. Seventy-three percent of patients were matched. Off-pump CABG was associated with a lower rate of renal failure compared with on-pump CABG after matching by propensity score (OR, 0.5; 95% CI, 0.37-0.72; P Ͻ .01).
Hemorrhage-related re-exploration. Off-pump CABG was associated with a lower rate of hemorrhage-related re-exploration compared with on-pump CABG after matching by propensity score (OR, 0.70; 95% CI, 0.5-1.0; P ϭ .5).
Discussion
Higher Risk of Mortality Was Associated With Urgent and Emergent CABG Compared With Elective CABG
Although the short-and long-term outcomes of elective CABG have been improved, the morbidity and mortality rates of nonelective coronary revascularization remain high. 14 Yamagishi and coworkers 15 reported an in-hospital mortality rate of CABG after acute myocardial infarction as high as 38.9%. Tomasco and associates 16 conducted a retrospective study to identify the risk factors for hospital mortality in patients who underwent urgent and emergent CABG for acute myocardial infarction. They divided their patients into 3 groups: urgent group, defined as when surgical revascularization could be delayed for 24 to 36 hours because of adequate control of ischemia; emergent A group, defined as patients who required revascularization promptly after transient regression of ischemia by medical intervention; and emergent B group, defined as those who required prompt revascularization because the ischemia was completely refractory to medical intervention. The mortalities in the urgent, emergent A, and emergent B groups were 7.4%, 13.4%, and 31.4%, respectively, (P Ͻ .001). The perioperative infarction rates were 11%, 11.8%, and 63.3%, respectively (P Ͻ .001); the neurologic deficit rates were 2.8%, 3.4%, and 10.4%, respectively (P Ͻ .04); and the need for IABP was 1.9%, 4%, and 16.9%, respectively (P Ͻ .001) when comparing the urgent, emergent A, and emergent B groups.
Off-pump CABG in Nonelective Coronary Revascularization
Off-pump CABG might be a safe alternative for coronary revascularization in patients who undergo nonelective CABG. Compared with on-pump CABG, off-pump CABG has been associated with a reduced rate of atrial fibrillation, 17 lower stroke rates, 18 and improved perioperative outcomes. 19 The decreased organ dysfunction obtained with off-pump CABG has been largely ascribed to avoidance of the systemic inflammatory response elicited by the cardiopulmonary bypass circuit. Moreover, as previously reported, the incidence of atrial fibrillation after off-pump CABG is lower than after the conventional approach, mostly related to the period of myocardial ischemia, the required atrial cannulation, and the adverse effects of cardioplegia. 20 Inadequate atrial protection has been demonstrated to be a trigger responsible for the development of atrial fibrillation in vulnerable patients 21 and therefore of thromboembolic events after on-pump CABG. Off-pump CABG might benefit patients who undergo CABG after acute myocardial infarction on the basis of the fact that off-pump CABG seems to cause more regional than global ischemia compared with on-pump CABG. 7, 22 Nakano and associates 23 compared the outcomes of emergent and urgent off-pump CABG with those of elective off-pump CABG. Their results showed that there was no difference in graft patency between the emergenturgent group and the elective group (96.6% vs 97.2%). However, there was a significant difference in the mean number of grafts in the emergent group compared with that seen in the elective group (1.8 Ϯ 0.2 vs 2.7 Ϯ 0.2, P Ͻ .05).
Outcomes of Nonelective Off-pump CABG Compared
With Those of On-pump CABG In our study we used propensity score matching to adjust for the imbalances between the 2 groups. Nonelective off-pump CABG was associated with comparable operative mortality and stroke rates with conventional on-pump CABG, echoing previous studies. 10, 11 Previously, we demonstrated a decreased incidence of operative mortality and stroke after off-pump CABG compared with that after on-pump CABG in a risk-adjusted population. 6, 18 Failure to achieve statistical significance might be attributed to the relatively smaller number of patients analyzed in this report. In the present study nonelective off-pump CABG was associated with an abbreviated length of stay compared with that seen with on-pump CABG, as previously documented. 11 In our study off-pump CABG emerged as an independent predictor of lower need for IABP placement and lower rate of postoperative renal failure and hemorrhage-related re-exploration compared with conventional on-pump CABG, echoing pre-vious reports. 11 In a study by Karthik and associates, 11 off-pump CABG was associated with lower rates of stroke (0.7% vs 2.4%, P Ͻ .047), acute renal failure (3.8% vs 7.8%, P Ͻ .015), prolonged ventilation (5.3% vs 10.0%, P Ͻ .011), need for postoperative intra-aortic balloon counterpulsation (2.9% vs 7.8%, P Ͻ .002), and abbreviated hospital length of stay compared with on-pump CABG.
Study Limitations
Despite the fact that this is among the larger analyses to date comparing the outcomes of nonelective coronary revascularization with versus without cardiopulmonary bypass, all the limitations of a retrospective nonrandomized study apply. Multivariate analysis might not adequately account for the inherent selection bias in nonrandomized data. The retrospective nature of the study cannot account for the unknown variables affecting the outcomes that are not correlated strongly with measured variables. Propensity score adjustment is not a substitute for a properly designed randomized controlled trial; however, retrospective comparisons with propensity score adjustment are more versatile and might be more widely acceptable than randomized control trials. 24, 25 Randomized trials of impractical sizes are sometimes required to prove whether statistically significant differences really exist between these 2 techniques of myocardial revascularization.
Other limitations of the study include important variables not accounted for in our analysis, such as the size of the coronary vessels, which is important in selecting the type of operation, and the operating surgeon's selection bias to perform the operation on or off pump. Long-term efficacy and durability of nonelective minimally invasive versus conventional coronary artery surgery also remains to be answered.
In conclusion, nonelective off-pump CABG is associated with comparable operative mortality and stroke rates compared with those of conventional on-pump CABG. Moreover, off-pump CABG might reduce resource use because it is associated with an abbreviated length of stay compared with on-pump CABG and might decrease the need for IABP placement and lower the rates of postoperative renal failure and hemorrhage-related re-exploration.
